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An in-capillary electrode sheathless interface was applied to the capillary electrophoresis/
electrospray ionization-mass spectrometry (CE/ESI-MS) analysis of mixtures of small pep-
tides, proteins, and tryptic digests of proteins. The effects of different experimental parameters
on the performance of this CE/ESI-MS interface were studied. The distance of the in-capillary
electrode from the CE outlet and the length of the electrode inside the capillary had no
significant effects on the CE separation and ESI behavior under the experimental conditions
used. However, significant enhancement of the sensitivity resulted from the use of narrower
CE capillaries. Using a quadrupole mass spectrometer, an aminopropylsilane-coated capillary,
and a wide scan mass-to-charge ratio range of 500–1400, detection limits of approximately 4,
1, and 0.6 fmol for cytochrome c and myoglobin were achieved for 75-, 50-, and 30-mm inner
diameter capillaries, respectively. Approximately one order of magnitude lower detection
limits were achieved under the multiple-ion monitoring mode. The application of the
in-capillary electrode sheathless interface to real-world samples was demonstrated by CE/
ESI-MS analysis of a human blood sample. (J Am Soc Mass Spectrom 1998, 9, 1081–1088) © 1998
American Society for Mass Spectrometry
Since Fenn and co-workers [1, 2] reported theobservation of multiply charged species usingelectrospray ionization (ESI), mass spectrometry
(MS) has revolutionized the analysis of biological sam-
ples. Parallel with the development of electrospray
ionization, during the last decade, modern capillary
electrophoresis (CE) has also rapidly matured into an
effective and widely accepted analytical technique [3],
having a number of practical advantages over conven-
tional-scale analytical separation methods: high separa-
tion efficiencies (up to 107 theoretical plates), rapid
separation, and economy of sample size (a few nano-
liters or less) [4]. The combination of a high-efficiency
separation technique such as CE with the compound
identification capability of mass spectrometry provides
a powerful system for the analysis of complex biological
mixtures [5].
Currently, two types of CE/ESI-MS interfaces are
most commonly used to couple capillary electrophore-
sis to mass spectrometry. These are sheath-flow and
sheathless CE/ESI-MS interfaces [6–12]. We recently
reported a sheathless interface for CE/ESI-MS using an
in-capillary electrode [9]. This interface was fabricated
by inserting a small platinum (Pt) wire into the capillary
through a small hole near its outlet to create an electri-
cal connection to the buffer solution. Advantages of this
new design include (1) a stable CE and ESI current, (2)
durability, (3) a reduced risk of sparking between the
capillary tip and the inlet of the mass spectrometer, (4)
lack of dead volume, and (5) facile fabrication with
common tools and chemicals. For example, the combi-
nation of the in-capillary electrode interface with a
sharpened glass capillary tip allows the capillary to be
placed very close to the inlet of the mass spectrometer,
resulting in maximum ion transport into the mass
spectrometer. As a result, a detection limit [signal-to-
noise ratio (S/N) 5 3] of approximately 4 fmol was
achieved for myoglobin under a wide scan mass-to-
charge ratio (m/z) range of 550–1400 utilizing a 75-mm
inner diameter (i.d.) aminopropylsilane (APS)-treated
CE capillary.
Here we report a significant enhancement in the
sensitivity of this interface compared to our previous
report through the utilization of smaller i.d. capillaries.
In addition, the effects of different experimental param-
eters on the performance of this CE/ESI-MS interface
are discussed. The parameters investigated include the
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length of the Pt wire inside the CE capillary and its
position with respect to the CE outlet, the effect of the
epoxy used to seal the capillary hole and to secure the
in-capillary electrode, the effect of the inner diameter of
the CE capillary on sensitivity of detection, and the
effect of buffer solution pH on the performance of the
CE/ESI-MS. The new interface was further evaluated
through the analysis of complex mixtures ranging from
small peptides and proteins to tryptic digests of pro-
teins. In addition, the utility of this interface for the
analysis of real-world samples was demonstrated by
analyzing whole human blood.
Experimental
The CE instrument used was a P/ACE System 2100
(Beckman Instruments, Fullerton, CA) operating with
Beckman System Gold software. Except when other-
wise mentioned, the running buffer for the CE separa-
tions was an aqueous 0.01 mol/L acetic acid solution
(pH 3.4). Prior to each set of measurements, the capil-
lary was conditioned with this buffer for 5 min.
In this study, 75-, 50-, and 30-mm i.d. capillaries
treated with APS following the procedure developed by
Moseley [13] were employed. A 50-mm i.d. APS-treated
CE capillary was used for all experiments unless other-
wise mentioned in the text. The preparation of the
in-capillary electrode CE/ESI-MS interface has been
described previously [9]. The diameters of the in-capil-
lary wires used for different capillary i.d.’s and the
diameter of the wire (guard wire) that was inserted into
the CE column to prevent the capillary from breaking
during the cutting process and to prevent epoxy from
plugging the capillary were as follows: for the 75-mm
i.d. columns the in-capillary electrode diameter was 25
mm and the guard wire diameter was 50 mm; for the
30-mm and 50-mm i.d. (high-tolerance) columns the
in-capillary electrode diameters were both 10 mm and
the guard wire diameters were 25 and 50 mm, respec-
tively. The 50-mm guard wire in the latter case was cut
at an angle to make a sharpened edge to allow room for
the electrode. The diameter of the guard wire deter-
mines the minimum cross-sectional area of the CE
capillary where the in-capillary electrode is inserted.
The actual reduction was determined experimentally
(see Results and Discussion). The capillary-to-capillary
reproducibility in terms of injection amount and migra-
tion time for the columns prepared under similar con-
ditions was approximately 80%. The amount of sample
injected in each capillary was calculated by dividing the
volume of the capillary by the time it took to fill the
capillary under the same pressure used to inject sample,
multiplied by the duration of sample injection and
concentration of the sample.
The vacuum interface used to couple ESI with the
mass spectrometer is a modified version of a previously
designed vacuum interface [14] for a Finnigan MAT
TSQ 700 mass spectrometer (San Jose, CA). The modi-
fications include a shorter (12-cm) heated capillary and
the addition of a second stage of mechanical pumping
similar to the design recently reported by this labora-
tory [15]. The mass spectrometer was operated in either
wide scan mode or in multiple-ion monitoring mode. In
multiple-ion monitoring mode, 3 m/z values were
selected using a mass window of 5 Da and an integra-
tion time of 0.30 s for each mass window.
The buffer solution (0.01 mol/L acetic acid, pH 3.4)
was prepared using distilled water (Barnsted NANO-
pure II, Boston, MA) and glacial acetic acid (Baxter
Healthcare Corporation, McGaw Park, IL). The hydro-
chloric acid (HCl) and hydrofluoric acid (HF) solutions
were purchased from Fisher Scientific Company (Fair
Lawn, NJ). Nitrogen gas was purchased from Wilson
Oxygen & Supply Company (Austin, TX). Modified
trypsin (Promega, Madison, WI) was used for protein
digestion [16]. All other chemicals including peptides,
proteins, and APS were purchased from Sigma Chem-
ical Company (St. Louis, MO) and used without further
purification. Three peptide standard solutions were
used in these studies. Two standard solutions (A and B)
were prepared by: (A) dissolving 2.0 mg of each peptide
(AESE, 362.3 Da; FV, 264.3 Da; morphiceptin, 521.6 Da;
VHLTPVEK, 922.1 Da; bradykinin, 1060.2 Da; and cy-
tochrome c, 12359.8 Da) in 10 mL of a methanol1water1
acetic acid solution (47:47:6, v/v), and (B) 2.5 mg of each
peptide (AESE, FV, morphiceptin, and bradykinin) in
10 mL of the same solution. The third standard (C) was
Sigma’s high-performance liquid chromatography
(HPLC) peptide standard, which is composed of ap-
proximately 0.125 mg of GY (238.2 Da) and 0.5 mg each
of VYV (379.5 Da), methionine enkephalin (573.7 Da),
leucine enkephalin (555.6 Da), and angiotensin II
(1046.2 Da). Sigma’s HPLC peptide standard was dis-
solved in 1 mL of pure water. The protein standard
(standard D) contained 0.2 mg each of b-lactoglobulin
A, ribonuclease A, myoglobin, lysozyme, and cyto-
chrome c in 1 mL of 0.01-mol/L acetic acid solution. All
solutions were filtered through a 13-mm/0.5-mm sy-
ringe filter (Baxter Scientific, Grand Prairie, TX).
The tryptic digests utilized an enzyme-to-substrate
ratio of approximately 1:30 in a 0.05 mol/L ammonium
bicarbonate (pH 8.1) solution kept at 37°C for 16 h. The
digest was then dried in a vacuum centrifuge and
redissolved in a water1methanol solution (50:50, v/v)
containing 3 mmol/L formic acid with an approximate
sample concentration of 50 mmol/L.
Fresh human blood was obtained from a healthy
adult man. Samples of this blood were prepared by
diluting 4 mmol/L aliquots with 0.01% aqueous acetic
acid (pH 3.4) to the following ratios: 1:15; 1:150; 1:1500,
and 1:15000. No purification step was used. These
samples were injected into the CE column using 1.0 psi
pressure for a duration of 3 s. Assuming a 15 g/100 mL
concentration of hemoglobin in normal blood [17], the
amounts of hemoglobin injected into CE column were
approximately 10 pmol, 1 pmol, 100 fmol, and 10 fmol,
respectively, for the diluted blood. The blood experi-
ments were performed on a newly acquired Mariner
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electrospray ionization/time-of-flight mass spectrome-
ter (PerSeptive Biosystems, Framingham MA). For this
study, the mass spectrometer operated in the mass-to-
charge ratio range of 500–2000 at a rate of 8000 acqui-
sitions/s, which led to the generation of a single spec-
trum every second.
Results and Discussion
Effects of the In-capillary Electrode on the
Performance of the CE Separation
An important feature of the in-capillary electrode de-
sign is that there is no dead volume at the interface. In
fact, as a result of the Pt wire, the i.d. of the CE capillary
where the Pt wire is inserted actually decreases. To
investigate the effects of this partial reduction of the
capillary i.d. on the CE separation performance, two
experiments were conducted using the UV detector of
the CE instrument at a wavelength of 214 nm. Two
75-mm-i.d., 80-cm-long (50 cm long from inlet to UV
detector) APS-treated capillaries were employed, one
containing an in-capillary electrode (25-mm Pt wire) and
one without. A 1:10 dilution of peptide standard C was
used for this experiment. In both capillaries, the sample
was injected using a pressure injection mode (0.5 psi)
with a duration of 1.2 s. Because of the diameter
reduction of the capillary at the position where the Pt
wire was inserted, the amount of sample injected into
the capillary was approximately 80% of that injected
into the capillary without Pt wire (Figure 1A, B). For
this experiment, the end of the CE capillary without the
in-capillary electrode was placed in the buffer solution
and the end of the capillary with the in-capillary
electrode was grounded at the wire. A field strength of
2375 V/cm was employed for CE separation. Compar-
ison between the two resulting UV electropherograms
(Figure 1) indicated that a better separation efficiency
and a slightly longer separation time were obtained
with the in-capillary electrode capillary (Figure 1B)
compared to the capillary without the in-capillary elec-
trode (Figure 1A), which are attributed to lower elec-
troosmotic flow (EOF) in the former capillary.
Effects of Other Experimental Parameters on the
Performance of the In-capillary Electrode
Length and position of the Pt wire. Changing the length
of the Pt wire inside the CE capillary from approxi-
mately 0.1 to 3.5 cm had no noticeable effects on the
CE/ESI-MS performance. Additionally, varying the po-
sition of the Pt electrode inserted into the capillary with
respect to the CE outlet from 1 to 4 cm also had no
significant effect on CE separation.
Effect of epoxy. Because epoxy was used to secure the
Pt wire and seal the hole where the Pt wire was inserted
into the capillary, the contribution of epoxy to the
background chemical noise in the mass-to-charge ratio
range of 250–2000 was investigated. The direct contact
between the epoxy and the aqueous 0.01 mol/L acetic
acid solution did not produce any noticeable back-
ground chemical noise within the mass range investi-
gated. Because some researchers [18] add methanol to
Figure 1. Comparison between the UV electropherograms of a
peptide mixture (standard C) using a 75-mm-i.d., 80-cm-long
capillary (50 cm to UV): one (A) without an in-capillary electrode,
and the other one (B) with an in-capillary electrode. 1, GY; 2,
methionine enkephalin; 3, leucine enkephalin; 4, VYV; and 5,
angiotensin II.
Figure 2. The effect of methanol on the integrity of the epoxy. (A)
0.01-mol/L acetic acid, (B) 0.01-mol/L acetic acid with 10%
methanol.
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their buffer to decrease the EOF, the effect of methanol
on the integrity of the epoxy and background chemical
noise was also studied. The CE separations of standard
B were compared using (1) a 0.01-mol/L acetic acid
buffer solution containing 10% methanol and (2) a pure
0.01-mol/L acetic acid buffer solution. Approximately
the same amount of the sample was injected into the
capillary for each analysis using a pressure injection
mode (1.5 psi) with a duration of 3 s. Under these
conditions, approximately 3.9-pmol AESE, 5.3-pmol FV,
2.7-pmol morphiceptin, and 1.3-pmol bradykinin were
injected into the CE capillary. The CE was operated
under 2375 V/cm field strength. As expected, the
migration times of the peptides in the methanol-con-
taining buffer solution increased (Figure 2) [18]. In
addition, a slightly better S/N was observed when
methanol was present. However, no sign of epoxy
deterioration was observed due to the presence of
methanol.
Effects of pH. The effects of the buffer solution pH on
the CE/ESI-MS analysis of standard A is shown in
Figure 3. Three acetic acid solutions at pH’s 2.0, 3.4, and
5.0 were used. Approximately the same amount of
sample was injected into the capillaries for each analysis
using a pressure injection mode (1.5 psi) with a dura-
tion of 3 s (approximately 3.9-pmol AESE, 5.3-pmol FV,
2.7-pmol morphiceptin, 1.5-pmol VHLTPVEK, 1.3-pmol
bradykinin, and 110-fmol cytochrome c). The CE was
operated under 2375 V/cm field strength. Consistent
with previous reports [13], the highest pH (5.0), lowest
ionic strength acetic acid buffer solution gave the short-
est retention time with the poorest resolution, and the
lowest pH (2.0), highest ionic strength acetic acid buffer
solution showed the highest resolution with the longest
migration time.
Effect of capillary i.d. Previously, we used 75-mm-i.d.
capillaries in our study [9]. However, it has been shown
that narrower capillaries enhance the sensitivity of
detection in sheathless CE-MS interfaces [19]. The ef-
fects of narrower capillaries on the sensitivity of detec-
tion (S/N) was studied using the in-capillary electrode
design. It was found that the i.d. of the capillary had the
most significant effect on the CE/ESI-MS analyses of
peptide and protein mixtures. A 0.5-mg/mL solution of
Figure 3. The effect of the pH of the acetic acid buffer on
CE/ESI-MS performance. (A) pH 2.0; (B) pH 3.4; (C) pH 5.0. 1,
AESE; 2, FV; 3, morphiceptin; 4, VHLTPVEK; 5, bradykinin; and 6,
cytochrome c.
Figure 4. A comparison between the CE/ESI-MS performance
obtained using (A) 50-mm-i.d. and (B) 30-mm-i.d. APS-treated CE
capillaries.
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standard C (except 0.125-mg/mL GY) was used for this
study. Consistent with previous studies, a significant
enhancement in the sensitivity was observed as a result
of the narrower capillary. The results are summarized
in Figure 4A, B, where the S/N of the peptide mixture
is compared using 50- and 30-mm-i.d. APS-treated cap-
illaries. Standard C was injected into both CE capillaries
using a pressure injection mode (1.5 psi, 3 s). As is
shown in Figure 4A, B, even though the amount in-
jected into the 30-mm-i.d. capillary (approximately 1.9-
pmol VYV, 0.9-pmol methionine enkephalin, 0.9-pmol
leucine enkephalin, and 0.5-pmol angiotensin II) was
only 1/7.5 that injected into the 50-mm-i.d. capillary, the
S/N obtained using the 30-mm-i.d. capillary was signif-
icantly higher than that obtained using the 50-mm-i.d.
capillary. With the quantity of sample injected here, the
dipeptide (FV) was not detected with either capillary.
To examine the sensitivity of detection for proteins
under different capillary i.d.’s, the detection limits for
myoglobin were compared using a 60-cm-long, 50-mm-
i.d. APS-treated capillary and a 60-cm-long, 30-mm-i.d.
APS-treated capillary. Under a wide scan mass-to-
charge ratio range of 500–1400, the detection limits for
myoglobin using a 50- and 30-mm i.d. were approxi-
mately 1 fmol and 600 amol, respectively. The results
obtained for the 30-mm-i.d. capillary were approxi-
mately an order of magnitude better than those re-
ported previously using a 75-mm-i.d. capillary. Com-
pared to a wide scan mode, under multiple-ion
monitoring mode, a one order of magnitude lower
detection limit (approximately 100 amol using the 50-
mm-i.d. column) was achieved for both cytochrome c
and myoglobin.
Durability and reproducibility. Overall performance of
CE capillaries for CE/MS analysis depends on two
major factors: (1) stability of the electrical connection at
the CE outlet and (2) stability of the derivatization of the
CE capillary inner wall. The in-capillary electrode pro-
vides a robust and stable electrical connection to the CE
outlet for many days. However, under continuous
operation, the APS coating of the derivatized capillaries
has a short lifetime of only a few days (2–3 days).
According to our experience, at this time the stability of
the APS derivatization is the bottleneck and limiting
factor in the performance of the CE for routine analysis
of complex mixtures of peptides and proteins. The
reproducibility of this CE/ESI-MS was investigated by
analyzing a 0.1-mg/mL solution of gramicidin S. The
relative standard deviation (RSD) of the height of the
total ion current for five consecutive injections was
3.4%. For this experiment the mass spectrometer was
scanned in the mass-to-charge ratio range of 552–592 at
Figure 5. Total ion electropherogram of protein standard D
using the in-capillary electrode CE/ESI-MS sheathless interface. 1,
b-lactoglobulin A; 2, ribonuclease A; 3, myoglobin; 4, lysozyme;
and 5, cytochrome c.
Figure 6. CE/ESI-MS spectra corresponding to the peaks of
Figure 5. (A) b-lactoglobulin A, (B) ribonuclease A, (C) myoglobin,
(D) lysozyme, and (E) cytochrome c.
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a rate of 1 scan/s. A 50-mm-i.d., 80-cm-long APS-treated
column, a 2375 V/cm CE field strength, and a pressure
injection (1.5 psi) mode with a duration of 3 s were used
for these experiments.
Application of the in-capillary electrode to analysis of pro-
teins. To evaluate the overall performance of the
sheathless in-capillary electrode electrospray interface
design, Figure 5 shows the total ion electropherogram
(TIE) of protein standard D using the in-capillary elec-
trode CE/ESI-MS sheathless interface. A 50-mm-i.d.,
80-cm-long APS-treated CE capillary was used. The CE
separation electric field strength was 2375 V/cm, and
the mass spectrometer was operated under a mass-to-
charge ratio range of 600–2000 at 1.5 scan/s. Approxi-
mately 200 fmol of each protein were injected into the
CE capillary using a pressure injection mode (1.5 psi for
3 s). The corresponding mass spectra for each peak in
Figure 5 is shown in Figure 6. All proteins were
resolved and detected in less than 8 min.
Complex mixtures of peptides generated from the
tryptic digestion of large proteins present a difficult
analytical challenge because the fragments cover a wide
range of both pI and hydrophobicity [18]. To examine
the performance of the in-capillary electrode design
with regard to complex mixtures generated from tryptic
digests of proteins, tryptic digests of horse heart cyto-
chrome c and myoglobin were analyzed. For each
separation, a 0.01-mol/L acetic acid buffer (pH 3.4) and
a 50-mm-i.d., 80-cm-long APS-treated CE capillary were
used. The mass spectrometer was scanned in the mass-
to-charge ratio range of 500–1100 using a scan rate of
1.5 scan/s. Approximately 400 fmol of each tryptic
fragment were injected into the capillary using a pres-
sure injection mode (1.5 psi) with a duration of 3 s.
Figure 7A, B show the total ion electropherograms of
the tryptic digests of horse heart cytochrome c and
myoglobin, respectively. On average the separation
efficiencies achieved for peptide fragments of protein
digests are on the order of 2.5 3 104. Tables 1 and 2 list
the main tryptic digest fragments of cytochrome c and
myoglobin as well as their sequences.
Application to the analysis of human blood. Recently,
matrix-assisted laser desorption/ionization time-of-
flight mass spectrometry (MALDI-TOFMS) was applied
to the analysis of whole human blood [20–22]. How-
ever, no separations were used for these studies. In
order to demonstrate the utility of the in-capillary
electrode sheathless interface in the analysis of real-
world samples, whole human blood was analyzed
Figure 7. The total ion electropherograms obtained from tryptic
digests of horse heart cytochrome c (A) and myoglobin (B). See
Tables 1 and 2 for the mass-to-charge ratio and sequence of each
peak. *Unidentified peaks.
Table 1. Tryptic digests of horse cytochrome c in the m/z
range of 500–1000
Peak number m/z AA sequence MW (Da)
1 589 Acetyl-GDVEK 1176
2 965 EDLIAYLK 1928
3 736 TGQAPGFTYTDANK 1470
4 748 EETLMEYLENPK 1494
5 678 YIPGTK 677
6 779 MIFAGIK 778
7 634 IFVQK 633
8 604 GITWK 603
9 585 TGPNLHGLFGR 1168
10 818 CAQCHTVEK(Heme) 1634
Acetyl-GDVEKGKKIFVQK-
CAQCHTVEK(heme)GGKHKTGPNLHGLF-
GRKTGQAPGFTYTDANKNKGITW-
KEETLMEYLENPKKYIPGTKMIFAGIKKKTEREDLIAYLKKATNE (104
amino acids, MW 5 12359.8 Da).
Table 2. Tryptic digests of horse heart myoglobin in the m/z
range of 500–1000
Peak number m/z AA sequence MW (Da)
1 650 ELGFQG 649
2 908 GLSDGEWQQVLNVWGK 1814
3 631 NDIAAK 630
4 804 VEADIAGHGQEVLIR 1606
5 708 TEAEMK 707
6 748 ALELFR 747
7 751 HPGDFGADAQGAMTK 1500
8 636 LFTGHPETLEK 1270
9 943 YLEFISDAIIHVLHSK 1884
10 690 HGTVVLTALGGILK 1378
11 943 YLEFISDAIIHVLHSK 1884
GLSDGEWQQVLNVWGKVEADIAGHGQEVLIRLFTGHPETLEKFD-
KFKHLKTEAEMKASEDLKKHGTVVLTALGGILKKKGHHEAE-
LKPLAQSHATKHKIPIKYLEFISDAIIH-
VLHSKHPGDFGADAQGAMTKALELFRNDIAAKYKELGFQG (153 amino
acids, MW 5 16951.5 Da).
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using CE/ESI-MS. A 30-mm-i.d., 50-cm-long APS-
treated capillary was used for this study and the CE was
operated under 2640 V/cm field strength. The diluted
blood samples were injected into the CE column using
a pressure injection mode. Figure 8 shows the TIE
obtained from the injection of approximately 10 pmol, 1
pmol, 100 fmol, and 10 fmol of the hemoglobin in the
human blood samples. As is shown, the a (15,127 Da)
and b (15,868 Da) chains of hemoglobin were well
separated. The mass spectra of a and b chains of
hemoglobin corresponding to the peaks of Figure 8B are
shown in Figure 9. The separations achieved here for a
and b chains of hemoglobin are consistent with or better
than what was reported previously using CE or CE/MS
analysis of hemoglobin of single cells [23, 24]. While we
believe the higher separation efficiency achieved for the
a and b chains of HbS is mainly due to lack of dead
volume in our in-capillary electrode design, other fac-
tors such as pH, field strength, buffer composition,
column length, and method used to introduce the
hemoglobin sample into the CE capillary could have
also contributed to the better resolution achieved here.
Conclusions
The in-capillary electrode sheathless interface was suc-
cessfully applied to the CE/ESI-MS analysis of mixtures
of small peptides, proteins, and tryptic digests of pro-
teins. The distance of the in-capillary electrode from the
CE outlet and the length of the electrode inside the
capillary had no significant effect on the CE separation.
However, significant enhancement of the sensitivity
resulted from the use of a narrow CE capillary. A
detection limit of 600 amol of myoglobin was achieved
under a wide scan mass-to-charge ratio range of 500–
1500 using a 30-mm i.d., APS-treated capillary. Under
multiple-ion monitoring mode and using a 50-mm-i.d.
APS-treated capillary, a detection limit of 100 amol was
achieved for cytochrome c and myoglobin. Major tryp-
tic fragments of cytochrome c and myoglobin were
Figure 8. CE/ESI-MS analysis of red blood samples. Injections of
approximately (D) 10 pmol, (C) 1 pmol, (B) 100 fmol, and (A) 10
fmol. (*) represents unidentified peaks.
Figure 9. Mass spectra of a and b hemoglobin corresponding to
the peaks of Figure 8(B). (A) a hemoglobin, (B) b hemoglobin, and
(*) unidentified peaks.
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identified in less than 10 min, consuming only several
nanoliters of the sample. The interface was capable of
separating and detecting the major protein components
of whole blood (a and b hemoglobin) at 10-fmol levels
with ease.
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